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Summary  Copper  is  the  only  one  solid  metal  registered  by  the  US  Environmental  Protection
Agency as  an  antimicrobial  touch  surface.  In  touch  surface  applications,  wettability  of  the  sur-
face has  high  signiﬁcance.  The  killing  rate  of  the  harmful  microbes  depends  on  the  wetting  of
pathogenic  solution.  Compared  to  the  bulk  copper,  coated  one  on  aluminum  has  the  advan-
tage of  economic  competitiveness  and  the  possibility  of  manufacturing  complex  shapes.  In  the
present work,  the  copper  coating  on  the  aluminum  surface  has  successfully  carried  out  by  elec-
trodeposition  using  non  cyanide  alkaline  bath.  To  ensure  good  adhesion  strength,  the  substrate
has been  pre-zincated  prior  to  copper  deposition.  The  coating  current  density  is  one  of  the
important  parameters  which  determine  the  nucleation  density  of  the  copper  on  the  substrate.
To understand  the  effect  of  current  density  on  wettability,  the  coating  has  done  at  different
current densities  in  the  range  of  3  A  dm−2 to  9  A  dm−2 for  ﬁxed  time  interval.  The  grain  size
has been  measured  from  TEM  micrographs  and  showed  that  as  current  density  increases,  grain
size reduces  from  62  nm  to  35  nm.  Since  the  grain  size  reduces,  grain  boundary  volume  has
increases.  As  a  result  the  value  of  strain  energy  (calculated  by  Williamson—Hall  method)  has
increased. The  density  of  nodular  morphology  observed  in  SEM  analysis  has  been  increased  with
coating current  density.  Further,  wettability  studies  with  respect  to  double  distilled  water  on
the electrodeposited  copper  coatings  which  are  coated  at  different  current  densities  are  car-
ried out.  At  higher  current  density  the  coating  is  more  wettable  by  water  because  at  these
conditions grain  size  of  the  coating  decreases  and  morphology  of  grain  changes  to  a  favorable
dense nodularity.
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Introduction
Copper  is  the  most  proved  antimicrobial  metal  which  can  be
used  in  hospital  as  antimicrobial  touch  surfaces.  More  over
US  Environmental  Protection  Agency  (EPA)  has  declared  that
copper  is  the  only  solid  metal  which  can  be  used  as  antimi-
crobial  touch  surfaces.  99.99%  pure  copper  thin  ﬁlm  with
nano  crystalline  size  can  be  easily  deposited  on  aluminum
touch  surface  by  electrodeposition  method  (Lu  et  al.,  2009).
The  surface  energy  of  the  coating  is  one  of  the  key  fac-
tors,  which  determine  the  rapidity  of  antimicrobial  action
because  as  surface  energy  increases,  pathogenic  solution
spreads  faster  on  the  copper  coating.  The  increased  wett-
ability  makes  the  maximum  surface  contact  between  copper
and  pathogens,  as  a  result  antimicrobial  action  will  be  faster
(Nie  et  al.,  2010).  The  crystalline  size  has  a  direct  impreca-
tion  on  the  surface  energy  of  the  coating.  Along  with  surface
energy,  surface  morphology  also  play  signiﬁcant  role  in  the
wettability  of  surfaces.  As  current  density  (j)  of  electrode-
position  changes,  the  coating  morphology  and  crystallite
size  varies  (Augustin  et  al.,  2015).  In  the  present  study,
the  microstructural  changes  of  the  coating  and  changes  in
spreading  rate  of  the  distilled  water  with  variation  in  current
density  of  coating  has  been  analyzed.Experimental details
The  copper  thin  ﬁlm  has  been  electrodeposited  using  DC
power  source  on  aluminum  substrate  at  the  current  density
t
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Figure  1  SEM  micrograph  of  copper  coating  at  deposition  curren
9 A  dm−2 respectively.
Figure  2  Bright  ﬁeld  TEM  micrograph  of  copper  coating  done  at  cu473
ange  of  3—9  A  dm−2 for  the  duration  of  10  min.  The  morphol-
gy  has  been  studied  using  Scanning  Electron  Microscope
SEM,  JSM-6380,  JEOL).  The  crystallite  structure  has  been
nalyzed  using  Transmission  Electron  Microscope  (TEM,  JEM-
100,  JEOL).  The  strain  energy  density  of  the  ﬁlm  has
een  calculated  from  X-ray  diffraction  proﬁle  obtained  from
-Ray  Difractometer  (XRD,  JDX-8P,  JEOL).  The  dynamic  con-
act  angle  of  distilled  water  on  the  coated  sample  was
easured  for  the  duration  of  300  s  using  FTA  200  equipment.
esults and discussion
icrostructural  analysis  of  the  coating
ig.  1  shows  the  SEM  images  (topography)  of  copper  coat-
ng  done  at  different  coating  current  densities.  As  current
ensities  of  coating  increases  from  3  A  dm−2 to  9 A dm−2,
he  continuity  and  roughness  of  coating  changes.  This  is
ue  to  the  increased  nucleation  of  copper  ions  on  alu-
inum  surface.  The  increased  supply  of  copper  ions  at
igher  current  density  facilitates  the  increased  growth  of
opper  nodules.  As  a  result  uneven  copper  nodules  grow
erpendicular  to  the  surface  as  shown  in  Fig.  1(d).  So  the
oughness  of  the  coating  is  observed  to  be  more.  TEM  micro-
raph  of  the  copper  coating  is  shown  in  Fig.  2  reveals
hat  each  nodule  is  formed  by  number  of  nanosized  crys-
allites.  The  average  crystallite  size  of  the  coating  done
t  3  A  dm−2 was  found  to  be  62.7  nm,  where  as  that  of
 A  dm−2 was  35.4  nm.  The  improved  nucleation  of  copper
t  densities  of  (a)  3  A  dm−2,  (b)  5  A  dm−2,  (c)  7  A  dm−2 and  (d)
rrent  density  of  (a)  3  A  dm−2 and  (b)  9  A  dm−2 respectively.
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Ligure  3  Contact  angle  of  distilled  water  on  copper  coating
f different  current  densities  (j).
t  higher  current  density  can  be  assigned  to  the  increased
ate  of  copper  ion  movement  toward  cathode  in  the  bath.
ence  electron  microscopic  studies  revealed  that  as  cur-
ent  density  of  the  deposition  increases,  faster  nucleation
nd  improved  growth  of  nodules  occurred.  As  crystallite  size
educes,  crystallite  boundary  volume  increases.  This  leads
o  the  increase  in  strain  energy  density,  which  has  been
stimated  by  Williamson—Hall  method  (Biju  et  al.,  2008).
he  values  were  increased  from  158.4  kJ  m−3 to  288.6  kJ  m−3
ith  the  increase  of  coating  current  density  from  3  A  dm−2
o  9  A  dm−2.  Along  with  crystallite  size  boundaries,  twins
ormed  in  the  copper  thin  ﬁlm  also  contributes  to  the  strain
nergy  density.
ontact  angle  analysis
ig.  3  shows  the  dynamic  contact  angle  measurement  of
istilled  water  on  copper  thin  ﬁlm  deposited  at  different
urrent  densities.  Except  j  =  3  A  dm−2,  all  coating  has  an  ini-
ial  contact  angle  <90◦ (hydrophilic  nature).  The  maximum
etting  was  observed  for  the  sample  j  =  9  A  dm−2.  This  can  be
ainly  attributed  to  the  increased  surface  energy  and  sur-
ace  roughness  of  the  coating.  As  crystallite  size  reduced,
he  strain  energy  density  (calculated  from  Williamson—Hall
ethod)  has  increased.  Hence  the  surface  energy  of  the
oating  is  expected  to  be  increased.  The  spreading  rate
btained  from  the  slope  of  the  graph  (shown  in  Fig.  3) also
ncreased  slightly  for  the  coating  of  small  crystallite  size
j  =  9  A  dm−2).  The  topography  and  surface  roughness  of  the
oating  also  affects  the  contact  angle  (Drelich  et  al.,  2011).
t  higher  current  density  of  coating,  the  unevenly  grown
opper  nodule  (shown  in  Fig.  1(d))  increases  the  coating
oughness.  The  effect  of  surface  roughness  on  the  contact
NA.  Augustin  et  al.
ngle  is  given  by  the  relation;  cos  ′ =  rcos    (Wenzal  model).
here,  r is  the  roughness  factor  deﬁned  by  the  ratio  of
ctual  surface  area  to  geometrical  surface  area,    is  the  con-
act  angle  on  the  corresponding  smooth  surface  and  ′ is  that
f  rough  surface.  Because  of  r  >  1  contact  angle  is  reduced  in
ough  surfaces.  As  coating  is  meant  for  antimicrobial  touch
urfaces  applications,  the  super  hydrophilic  nature  of  coat-
ng  enhances  biocidal  activity  of  copper  coatings  (Nie  et  al.,
010).
onclusions
orphology  of  the  coating  is  changed  with  different  current
ensities  of  coating  because  nucleation  is  driven  by  cop-
er  ion  transferring  rate.  As  current  density  of  the  coating
ncreases  from  3  A  dm−2 to  9  A  dm−2, crystallite  size  reduced
rom  62.7  nm  to  35.4  nm.  The  contact  angle  has  reduced  with
urrent  density  of  the  coating  due  to  the  reduction  in  crys-
allite  size  and  increase  in  surface  roughness.  As  crystallite
ize  reduces,  the  strain  energy  density  has  increased.  There-
ore  coating  done  at  higher  current  density  is  expected  to
erform  better  biocidal  activity.
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